Histamine H 4 (H 4 )-receptor is the most recently discovered histamine receptor which has approximately 35% overall homology to the human histamine H 3 (H 3 )-receptor.
Efficient Synthesis of trans-or cis-4(5)-(5-
common structural unit, using the cyclization of 1,3-diazafulvene generated in situ (Chart 1). 13, 14) In that report, we also indicated that an unsubstituted imidazole moiety is indispensable for the generation of the diazafulvene 10, and the benzyloxy group at the C2Ј-position of the substrate 9RS (diastereomeric mixtue at C1Ј) acts as the directing group to control the stereochemistry of b-imidazole C-nucleoside 11b. 13, 14) The methodology was recently extended to stereocontrolled synthesis of heterocyclic C-nucleosides (indole, C-2 linked imidazole, benzimidazole, and 6-iodobenzimidazole) by Benhida et al. 15, 16) In such circumstances, the findings of OUP-16 and 13 encouraged us to synthesize trans-or cis-tetrahydrofuranylimidazoles using the diazafulvene-cyclization.
We herein describe a simple and effective synthesis of imifuramine [(ϩ) 
Synthesis of Imifuramine
We recently reported that intramolecular Mitsunobu reaction of a diol 14ab 17) (1 : 1 diastereomeric mixture), which was prepared starting from (R)-benzyloxymethyl-g-butyrolactone (12) , 18) with N,N,NЉ,NЉ-tetramethylazodicarboxamide (TMAD) 19) and Bu 3 P followed by desilylation affords trans-and cis-cyclization products 15 (47%, 9% ee) and 16 (53%, 20% ee) with low optical purities (Chart 2). The low optical purities were attributed to indistinguishable activities between two hydroxy groups of 14ab. 17) Thus, we directed our attention to imifuramine synthesis using diazafulvene cyclization. Hydrolysis of 14ab in refluxing 1.5 N HCl afforded a diol 17ab having unsubstituted imidazole in 95% yield. The cyclization of 17ab was examined under various conditions to optimize the yield of the transproduct. 14, 20) The results are summarized in Table 1 . When the reaction of 17ab was first carried out using TMAD and Bu 3 P at rt in tetrahydrofuran (THF) for 2 h, a crude tetrahydrofuranylimidazole 18ab was obtained. The crude mixture was then treated with ethyl chloroformate to separate it from the Bu 3 PϭO by-product, followed by column chromatography to afford a 2.3 : 1 mixture of trans-and cis-N-ethoxycarbonylated products 23a and 23b in only 12% overall yield from 17ab (Table 1 , run 1). In the case of THF (Table 1 , run 1-3), the reaction was suppressed to give low yields, but the yields of 23ab were improved to 56% or 50% yields in benzene or toluene, respectively (run 4 and 5). Further, the use of CH 2 Cl 2 at 0°C increased the yield to 80% with a 3 : 1 ratio of trans-and cis-products (run 7). The predominant formation of the trans-isomer was also observed in CH 2 Cl 2 at Ϫ35°C, but in only 15% yield (run 8). From these results, it became clear that the reaction was significantly influenced by the selection of solvents.
The structures of 23a and 23b were assigned on the basis of 1 H-NMR. 
17)
At a practical level, a serious drawback of the N-ethoxycarbonyl product 23ab is the difficulty in separating the respective trans-and cis-isomers 23a and 23b by SiO 2 column chromatography. It required a large column to avoid contamination of the trans-product by the cis-isomer. After many trials, we found that N-Boc-phthalimides 21 and 22 could be separated more easily by column chromatography. Thus, the Boc derivatives were prepared from 17ab (Chart 2). The cyclodehydration of 17ab with TMAD and Bu 3 P in CH 2 Cl 2 at 0°C for 15 h followed by N-Boc-protection was carried out to produce a 3 : 1 mixture of 19a and 19b in 90% yield from 17ab. Debenzylation of 19ab using H 2 /Pd-C and subsequent Mitsunobu phthaloylimination afforded crude phthalimides. After chromatographic separation of the trans-isomer 21 contaminated by diethyl 1,2-hydrazine-dicarboxylate formed in the Mitsunobu reaction, deprotection of the crude 21 with hydrazine hydrate and purification yielded (ϩ)-1, imifuramine, 12) in 37% overall yield 21) from the diol intermediate 17ab. Similarly, cis-(Ϫ)-2 12) was obtained from crude 22 in 6% overall yield from 17ab. This synthetic process allows the synthesis of the enantiomer (Ϫ)-1 by simply switching the starting material to (ϩ)-12.
Synthesis of trans-and cis-Ethyl 4-(5-Hydroxymethyltetrahydrofuranyl)imidazole-1-carboxylates Schunack et al. used 3-(1H-imidazole-4-yl)propanol, 22) which is easily synthesized from urocanic acid, as the central building block to develop many potent H 3 -agonists or antagonists. 23) Thus, trans-or cis-alcohols 5 and 6 may be useful intermediates to supply a variety of derivatives (Fig. 1) . Since hydrogenolysis of benzyl ethers 19ab or 23ab synthesized above afforded an inseparable mixture of the corresponding alcohols, we intended an easy isolation of 5 and 6 by the cyclization of a diol 29ab having a bulky trityloxy group at the C5Ј-position (Chart 3).
Novel N- [2-(trimethylsilyl) ethoxy]methyl (SEM) protected 4-and 5-iodoimidazoles 24 and 25 were first prepared from 4(5)-iodoimidazole 24, 25) in 55% and 37% yields, respectively (Chart 3, Eq. 1). The N-SEM compounds 24 and 25 were assigned by the respective NOE experiments, as illustrated in Chart 3. According to the Lindell procedure, 26) 24 or 25 was treated with ethylmagnesium bromide to generate C4 or C5-imidazole anions, which were then reacted with lactol 28, 27) which was prepared by reduction of 2,3-dideoxy-5-O-trityl-Lglyceropentanoic acid g-lactone 27) with DIBAL-H, to give the corresponding diols 26ab or 27ab in 81% and 56% yields, respectively (Chart 3, Eq. 2). Thus, without their isolation, the mixture of 24 and 25 was treated as above to give an isomeric mixture (26ab, 27ab) in 78% yield (Chart 3). The following cleavage of the SEM group with tetra-n-butyl ammonium fluoride sluggishly proceeded in refluxing THF to give unsubstituted imidazole 29ab (41%), but this reaction was improved to give a much higher yield (84%) under coexisting ethylenediamine 28) in refluxing THF for 20 h. Cyclization (TMAD-Bu 3 P) of 29ab in CH 2 Cl 2 , followed by ethoxycarbonylation of the resulting 30ab produced trans-and cisisomers 31 and 32 after flash column chromatography. The better result [31 (43 %) and 32 (25%)] for the cyclization was attained in refluxing CH 2 Cl 2 for 2 h in this case. Detritylation of 31 with Pd(OH) 2 -C in cyclohexene gave the desirable (Ϫ)-5 (57%) and 4-(5-hydroxymethyltetrahydrofuranyl)-imidazole 33 (37%), the latter of which could revert to 5 by N-ethoxycarbonylation. 12) In a similar manner, cis-isomer (Ϫ)-6 (63%) and 34 (25%) were obtained from 32.
Their configuration counterparts (ϩ)-5 and (ϩ)-6 were also synthesized from 2,3-dideoxy-5-O-trityl-D-glyceropentanoic acid g-lactone 27) by the same methodology. The conversion of 5 or 6 into trans-1 or its cis-isomer 2 has already been described in our previous report. 12) Accordingly, the present method may become a more efficient stereodivergent synthetic route to the trans-and cis-amino compounds than the previous method using the PhSe group.
Synthesis of 4(5)-[(2R,5S)-5-Aminomethyltetrahydrofuran-2-yl]imidazole [(؉)-2]
We reported an efficient and stereoselective synthesis of ethyl 4(5)-(2-deoxy-b-ribofuranosyl)imidazole-1-carboxylate (35) by using the cyclization via a diazafulvene intermediate. 14) An advantageous feature of this approach is that it enables the supply of a multigram scale of 35 from D-2-deoxyribose. Thus, we selected 35 for the synthesis of (ϩ)-2 (Chart 4).
After phthaloylimination of 35, the deoxygenation of the resulting secondary alcohol 36 was achieved as follows. 28) Reaction of 36 with 1,1Ј-thiocarbonyldiimidazole in DMF gave crude thiocarbonylimidazolide 37, which was subsequently treated with Bu 3 SnH and AIBN to give an ethoxycar-bonyl compound 38 and unsubstituted imidazole 39 in 42% and 30% yields from 36, respectively. We first encountered a low yield of 37, but the problem was solved by high concentration (1 M concentration of 36) of DMF. This result indicates the close contact of 1,1Ј-thiocarbonyldiimidazole and 36 in high concentration is essential to promote the reaction. 30) Deprotection of 38 and 39 with hydrazine hydrate afforded (ϩ)-2 in 85% and 75% yields, respectively.
In conclusion, we have described a simple and efficient synthesis of imifuramine (ϩ)-1 and N-ethoxycarbonyl intermediates 5 and 6 via diazafulvene intermediates. Further, (ϩ)-cis-amino compound 2 was obtained from 35. The synthetic processes would supply a variety of derivatives by which the H 4 -receptor activities of tetrahydrofuranylimidazoles can be assessed.
Experimental
The melting points were determined on a hot-stage apparatus and were uncorrected. Optical rotation measurements were recorded with a JASCO DIP-1000 digital polarimeter. IR spectra were recorded on a Shimadzu IR-435 spectrometer.
1 H-and 13 C-NMR spectra were taken with tetramethylsilane as an internal standard on a Varian Gemini-200, Varian Mercury-300, and Varian UNITY INOVA-500 spectrometers. Reactions with air-and moisture-sensitive compounds were carried out under an argon atmosphere. Unless otherwise noted, all extracts were dried over Na 2 SO 4 , and the solvent was removed in a rotary evaporator under reduced pressure. Bu 3 P (Ͼ90%) was purchased from Tokyo Kasei Kogyou Co., Ltd. For column chromatography, BW-127ZH, FL-60D, and Chromatorex NH-DM 1020 (Fuji Silysia Chemical Ltd.) were used. THF was distilled from sodium-benzophenone. HPLC analyses were carried out with a Waters Associates instrument [column; Daicel CHIRALPAK ® AD, 0.46 cmϫ25 cm; eluent, 10% 2-propanol in hexane; detection 254 nm]. TLC were performed on pre-coated TLC plates with 60F 254 (silica gel, Merck).
4(5)-[(1RS,4R)-5-Benzyloxy-1,4-dihydroxypentyl]imidazole (17ab)
A solution of 14ab (439 mg, 0.88 mmol) in THF (10 ml) was refluxed with 1.5 N HCl (7 ml) for 4 h and then cooled. After neutralization by addition of 28% NH 4 OH, the solvent was evaporated to give a residue, which was extracted with EtOAc (ϫ3) by salting-out techniques. The extract was washed with brine, dried, and concentrated to give an oil, which was subjected to chromatography. Elution with MeOH-EtOAc (3 : 7) afforded 17ab (231 mg, 95%) as a pale yellow oil. 1 
4(5)-[(2R,5R)-5-Aminomethyltetrahydrofuran-2-yl]imidazole [(؉)-1]
Phthalimide (440 mg, 2.99 mmol) and PPh 3 (1.809 g, 6.90 mmol) were dissolved in a solution of 20ab (618 mg, 2.30 mmol) in THF (13 ml). To this mixture was added DEAD (1.07 ml, 6.90 mmol) with stirring at 0°C. The reaction mixture was stirred at rt for 1 h, and then the whole was concentrated to give a residue, which was subsequently dissolved in EtOAc. The solution was washed with H 2 O and brine, dried, and concentrated to give a crude oil, which was subjected to chromatography {Rf (80% EtOAc in hexane); 0.68 (21) 16 .25 mmol) in EtOH (30 ml) was refluxed for 2 h and then cooled. A small amount of 10% Pd-C was then added to the solution, and the reaction mixture was further refluxed for 10 min. After removal of the catalyst by filtration through a Celite pad, the solvent was evaporated to give a residual oil. It was purified by chromatography (Chromatorex NH-DM 1020) with MeOH-EtOAc (1 : 9) to give (ϩ)-1 12 3.00 mmol) in THF (3 ml) was added to the resulting suspension of NaH at 0°C. The whole was stirred for 0.5 h at rt, and then 2-(trimethylsilyl)-ethoxymethyl chloride (0.60 ml, 3.15 mmol) was added to the mixture at 0°C. After 15 min at the same temperature, the reaction was quenched with saturated NH 4 Cl solution and the THF was concentrated. 
1-(2-Trimethylsilyl)ethoxymethyl-5-[(1RS,4R)-1,4-dihydroxy-5-trityloxypentyl]imidazole (27ab)
In the same manner as 26ab, a solution of 28 27) (443 mg, 1.23 mmol) in CH 2 Cl 2 (2 ml) was added to a mixture of 25 (997 mg, 3.01 mmol) and 3 M Et 2 O solution of EtMgBr (1.00 ml, 3.00 mmol) to give 27ab (387 mg, 56%) as a colorless oil. 27) (1.026 g, 2.85 mmol) in dry CH 2 Cl 2 (6 ml) was added at 0°C, and the mixture was stirred at rt for 14 h followed by column chromatography to yield a 3.6 : 1 mixture of 26ab and 27ab (1.243 g, 78%) as an oil.
4(5)-[(1RS,4R)-1,4-Dihydroxy-5-trityloxypentyl]imidazole (29ab)
To a solution of 26ab/27ab (200 mg, 0.36 mmol) in THF (1.5 ml) 1 M THF solution of tetra-n-butylammonium fluoride (1.08 ml, 1.07 mmol) and ethylenediamine (0.14 ml, 2.15 mmol) were added, and the resulting mixture was refluxed for 20 h. A small amount of silica gel was added to the cooled solution. The solvent was evaporated to give a coated silica gel, which was subsequently placed in a column. Chromatography using MeOH-EtOAc (1 : 9) gave 29ab (129 mg, 84%) as white amorphous product. (320 mg, 0.75 mmol) in CH 2 Cl 2 (25 ml) were added Bu 3 P (0.31 ml, 1.12 ml) and TMAD (193 mg, 1.12 ml). The mixture was refluxed for 2 h and then washed with H 2 O, dried (MgSO 4 ), and evaporated to give a crude oil of 30ab. A solution of the crude 30ab, ethyl chloroformate (0.14 ml, 1.50 mmol), pyridine (0.12 ml, 1.50 mmol), and DMAP (10 mg) in benzene (2.5 ml) was stirred at rt for 1 h. After addition of H 2 O, the solvent was evaporated and the residue was extracted twice with EtOAc-hexane (2 : 1). The extract was washed with H 2 O, dried, and concentrated. The residual oil was purified by flash column chromatography using EtOAc-hexane (3 : 7) for elution to give 31 (153 mg, 43%), and then 32 (91 mg, 25% Pd(OH) 2 -C (76 mg), and cyclohexene (0.79 ml, 7.83 mmol) was refluxed for 2.5 h. After filtration through a Celite pad, the filtrate was concentrated to give a residue. It was purified by column chromatography using MeOH-EtOAc (1 : 19) to give (Ϫ)- 5 12 Deoxygenation of 36 A mixture of 36 (237 mg, 0.615 mmol) and thiocarbonyldiimidazole (135 mg, 0.737 mmol) in DMF (0.6 ml) was stirred at rt for 13 h. The resulting mixture was dissolved with EtOAc, and the solution was washed with H 2 O and brine, dried, and concentrated to give a crude 37. To a toluene solution (15 ml) of the crude 37 were added a mixture of Bu 3 SnH (0.20 ml, 0.74 mmol) and AIBN (10 mg, 0.06 mmol) in toluene (0.5 ml), and then the whole was refluxed for 0.5 h. Evaporation of the solvent afforded a residual oil, which was subsequently dissolved with CH 3 CN. The solution was washed with hexane and evaporated to give a residue. Flash chromatography using EtOAc-hexane 
